Knowing the ototoxic potential of the agents used in medical treatments is important for the protection of hearing. Although we have knowledge regarding some effects of dexmedetomidine, which is an anesthetic-sparing drug, its influence over the hearing system has never been studied and is obscure yet. The aim of this study is to determine the effects of intravenous dexmedetomidine application during sevoflurane anesthesia on otoacoustic emissions (OAEs). Subjects and Methods: This prospective randomized study was performed on 60 patients (34 male, 26 female, mean age: 30.6±9.2 years) who were scheduled for an elective surgery under general anesthesia and the patients were enrolled and randomly divided into 2 groups. They received dexmedetomidine (Group D) or Saline (Group S) infusion during a standardized Sevoflurane anesthesia. Transient and distortion product OAEs were measured preoperatively and postoperatively (24th hour). OAE results were compared within and between groups. Results: In group D postoperative OAEs were lower than preoperative OAEs and postoperative levels of group S, especially at low frequencies (p<0.05). Conclusions: Dexmedetomidine infusion affects the micromechanical function of cochlea especially in the low-frequency region. Dexmedetomidine should be carefully used during general anesthesia to avoid its probable harmful effects on cochlear micromechanics. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Introduction
Knowing the ototoxical potential of the agents used in medical and surgical treatments is important for protection of hearing. It is well known that ototoxicity usually starts at outer hair cells of cochlea so micromechanical function of cochlea is decreased before hearing function is lost at any early damage. This may not be detected by pure tone audiometry (PTA) but can be diagnosed by otoacoustic emission (OAE) measurements [1] .
Effects of several general anesthetic agents on cochlear micromechanics have been researched for last decades. Some controversial OAE results have been reported because of the changes of middle ear pressure (MEP) and hemodynamia, which may affect measurements besides agents' direct pharmacological effects on cochlear micromechanics [2, 3] . However sevoflurane, an inhalational anesthetic, seems to be safe in terms of ototoxicity [4] [5] [6] . Despite knowing anesthetic drug's safety without knowledge of anaesthetic-sparing drugs' effects general anesthesia protocols should not be considered as safe.
One of the anaesthetic-sparing drug dexmedetomidine is a selective α2 adrenergic agonist. It is getting popular because of some beneficial effects such as sedation and anxiolysis [7] . α2-agonists have various effects especially on cardiovascular and central nervous systems. They decrease blood pressure and heart rate by centrally mediated sympatholytic effects. On the other hand, they induce peripheral vasoconstriction by directly activating vascular smooth muscle α2 receptors [8, 9] . Dexmedetomidine was reported to cause a decrease in cerebral blood flow in dogs during anaesthesia both with halothane and isoflurane, morever it has been shown to be neuroprotec-
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Mehmet İlhan Şahin tive in the animal models of brain ischaemia [10, 11] . Although we have knowledge about some effects of dexmedetomidine, its influence over hearing system has never been studied and is obscure yet.
The aim of this study is to determine the effects of intravenous dexmedetomidine application during sevoflurane anaesthesia on cochlea by the way of OAE measurements.
Subjects and Methods

Patients
After obtained approval of the Institutional Ethics Committee (2009 Sept 3, approval no. 2009/35) patients who were scheduled for an elective surgery under general anesthesia and classified as ASA I according to the American Society of Anesthesiologists classification of physical status were enrolled. Patients with any ear disease or a history of an otological surgery were excluded. Chronic drug addicts, smokers, and patients with any type of systemic disease were also excluded.
Otoscopy, PTA (Audiometer AC40, Interacoustics, Assens, Denmark) and tympanometry tests (Impedance Audiometer AZ26, Interacoustics) were performed before the operation and results were classified as normal or abnormal. Defined normality criteria for an ear were to have a normal external canal and drum, with air conduction thresholds under 20 dB HL at 500, 1,000, 2,000 Hz and under 30 dB HL at all frequencies, air bone gap under 10 dB at all frequencies, and tympanometric peak pressure between -100 and +100 daPa and normal acoustic reflex. Only one ear of patients which were identified as normal were included to the study. If both ears were "normal" relatively better ear in terms of hearing and pressure was included. If both ears were equal, the opposite ear of the surgical side for neck surgeries, and randomly chosen ear for the other surgeries was included.
All patients were asked to fill out informed consent form and were divided in two groups (Group S and D) randomly by coin flipping preoperatively.
PTA and tympanometry tests were performed once again at postoperative day 1 and patients whose perviously included ear did not meet normality criterias were excluded. Recordings of 60 ears of 60 patients [34 male, 26 female, aged 30.6±9.2 years (minimum 18, maximum 50)] were analyzed at the end of the study.
Anesthesia protocol in groups
Premedication wasn't administrated before the operation. In the operation room baseline measurements of systolic, diastolic and mean arterial blood pressure (MAP), heart rate and peripheral oxygen saturation by pulse oximeter (SpO2) and body temperature levels were recorded. All these parameters were monitored automatically during the operation. All anesthetics were administered by the same anesthesiologists with a standardized protocol for induction and maintenance. All patients recieved 1.5 μg/kg fentanyl, 5-6 mg/kg thiopental sodium and 0.6 mg/kg rocuronium bromide intravenously for induction of anesthesia. Anesthesia was maintained with sevoflurane 1.5-2% in 50% N2O and 50% oxygen with controlled ventilation, resulting in an end-tidal CO2 of 4.6±0.5 kPa (35±4 mm Hg). Also for maintenance of neuromuscular blocade rocuronium bromide (10 mg) was administrated intravenously.
After induction of anesthesia, patients received dexmedetomidine or saline i.v. during whole maintenance of anesthesia. Patients in dexmedetomidine group (Group D) recieved 1 μg/ kg dexmedetomidine (Precedex, Abbott Labs., North Chicago, IL, USA) as initial loading dose over 10 minutes and infusion was also applied with a dose of 1 μg/kg per hour in 100 mL saline. Patients in saline group (Group S) recieved 100 mL saline i.v. over 10 minutes and infusion was applied with a dose of 1 mL/kg per hour. The otolaryngologist who have recorded the measurements was blinded to the drug.
Duration of the operation (period between beginning of the induction and ending of the maintenance of general anesthesia) was recorded.
Measurements of OAEs
Measurements of OAE (Capella Cochlear Emissions Analyzer, GN Otometrics A/S, Taastrup, Denmark) were repeated at a silent room preoperatively and postoperatively (24 hours after the operation) and patients were instructed to be immobile in sitting position during recordings.
Transient evoked otoacoustic emissions (TOAEs) were measured by a fast screen mode using stimuli consisting a click of 40 μs duration and 75 dB SPL level. The click rate was 50/ s, and poststimulus analysis was in the range of 3-12.5 ms. Criteria to discontinue the tests were 2,080 scans. Signal to noise (S/N) ratio was measured and recorded as TOAE response at 1,000, 1,500, 2,000, 3,000, and 4,000 Hz.
Distortion product otoacoustic emissions (DpOAEs) were measured using a series of simultaneous stimulus whose ratio of frequencies (f2/f1) was 1.21, and intensities (L1, L2) were 65 dB SPL and 55 dB SPL respectively. Schematic depiction of DpOAEs (DP-gram) was obtained by the emissions at 2f1-f2 and S/N ratios were recorded at a range of frequencies 500-8,000 Hz. The criteria to stop the test was 1,000 scanning to be done.
Other measurements
Systolic and diastolic blood pressures were measured noninvasively just before preoperative and postoperative OAE measurements and MAPs were recorded. Intraoperative mean blood pressure measurements were recorded every 15 minutes from the beginning of induction of anesthesia to 120th minute.
Body temperature was measured at the axilla just before preoperative and postoperative OAE measurements using electronic thermometer. Intraoperative body temperature measurement and monitorization was done by skin probe, and recorded with OAE measurement simultaneously.
Statistical analysis
To analyse the normality of the distributions of data the Shapiro-Wilk test was used. Data that were normally distributed were defined by mean and standard deviation, and which were not normally distributed were defined by median (minimum-maximum). To determine the significance of the change of the OAE measurements within the groups paired t-test was used for data which were normally distrubuted. The Wilcoxon signed rank test was used for the data that does not show normal distribution. To compare the mean arterial pressure, body temperature and OAE measurements between groups independent samples t-test was used for data which were normally distrubuted and Mann-Whitney U test was used for data that were not normally distrubuted. p<0.05 was accepted as the level of significance.
Results
Randomly assigned 30 patients participated in each group. Age, gender, numbers and mean durations of the performed operations were similar between groups (Table 1) .
There was no statistically significant difference between the groups in terms of body temperature (p>0.05) ( Table 1) . Patients' MAPs were not significantly different between groups preoperatively (p=0.690) and postoperatively (p=0.608). At the beginning of the operations (intraoperative 0, 15, 30 min) blood pressure levels were similar between the groups as well (p>0.05). However, blood pressure levels at intraoperative 45, 60, 75, 90, 105, and 120 min were significantly lower in group D than group S (p<0.001). But arterial pressures never decreased under the hypotensive level (MAP<60 mm Hg) (Fig. 1) .
Transient OAE results
Inter-group comparisons
It was observed that the S/N ratios were similar between two groups at all frequencies preoperatively (p>0.05), but S/ N ratio at the frequency of 3,000 Hz was significantly lower in the group D postoperatively (p=0.023).
Intra-group comparisons
In the group D, postoperative S/N ratios at 1,000, 1,500, and 2,000 Hz were significantly lower than the preoperative levels (p<0.001), whereas in the group S mean postoperative S/N ratios were not statistically different as per the preoperative values at all frequencies (p>0.05) (Fig. 2) . 
DpOAE results
Inter-group comparisons
The analysis showed that the preoperative measures were similar at all frequencies (p>0.05). The mean postoperative S/N ratios were significantly lower in the group D than that of the group S at 500, 750, 1,000, and 2,000 Hz (p<0.05) and they were not significantly different at 1,500, 3,000, 6,000, and 8,000 Hz between the two groups (p>0.05).
Intra-group comparisons
In the group D mean postoperative S/N ratios were lower than the preoperative ratios at all frequencies but this difference was not statistically significant only at 1,500 Hz (p< 0.05). However in the group S there were no significant difference between preoperative and postoperative S/N ratios at all frequencies (p>0.05) (Fig. 3) .
Discussion
The effects of several agents used within general anesthesia protocols on hearing has been documented in the literature but dexmedetomidine's effect is unknown. We have found some significant differences in OAEs postoperatively between patients who received standard sevoflurane anesthesia protocol with and without dexmedetomidine infusion. Results confirmed safety of standard sevoflurane protocol in terms of damaging cochlear micromechanical function but i.v. dexmedetomidine infusion attracted suspicion.
The effect of anaesthetic agents on OAEs has been the focus of several studies throughout years. Hauser, et al. [12] mentioned that TOAE amplitudes decrease in patients who take enfluran, this decrease is more when N2O is added. It is emphasized that the decrease of the OAE level in anesthetic applications is a result of variations of pressure in the middle ear rather than the direct effect of the agent [12] . In fact, various studies revealed that alterations of MEP decrease OAEs especially at low frequencies [13] [14] [15] . It is known that the N2O increases the MEP, and sevoflurane may increase it during the application as well [16, 17] . Both of these agents were involved in the anesthesia protocol which applied to all patients in this study. However, postoperative changes of OAEs were not related to MEP because it was proved to be in the normal ranges by tympanometry.
OAE variations resulting from anesthetic applications are not only related to variations of the MEP but also variations of the blood pressure and cochlear blood flow. It is known that hearing physiology and cochlea are sensitive to systemic blood pressure variations. There are studies which revealed that hypotension may lead to immediate or slow hearing loss, and the loss is apparent especially at the low frequency areas [18, 19] . The findings of the experimental studies which indicate that DpOAE levels decrease only seconds after cochlear blood flow is stopped at the internal acoustic channel confirm the sensitivity of outer hair cells to ischemia [20, 21] . In this study, although the MAPs of the dexmedetomidine group were significantly lower than that of the saline group intraoperatively, lower levels of postperative OAEs in the group D were not thought to be as a result of this, because patients' MAPs never decreased under the hypotensive level which is critical for tissue perfusion. On the other hand this may be related to cochlear blood flow. It was revealed that cochlear blood flow has own autoregulation [22] . Because of being a neurosensorial organ the blood flow autoregulation of cochlea is similar to cerebral blood flow autoregulation, and it should be considered that agents which damage cerebral autoregulation may † 20.00 10.00 0.00 -10.00 -20.00 500 750 1,000 1,500 2,000 3,000 4,000 6,000 8,000 500 750 1,000 1,500 2,000 3,000 4,000 6,000 8,000
Frequency (Hz) [23] stated that sevoflurane protects cerebral autoregulation and Albera, et al. [4] showed that sevoflurane protects cochlear blood flow. Although there is no study in the literature that investigated the effects of dexmedetomidine on cochlear blood flow it was asserted in Ogawa's study [24] that dexmedetomidine damages cerebral blood flow autoregulation and decreases cerebral blood flow. It was also revealed that dexmedetomidine has a systemic peripheric vasoconstrictor effect [25, 26] . Then it is conceivable to suggest that Dexmedetomidine very likely damages cochlear blood flow autoregulation and decreases cochlear blood flow. In addition to MEP and cochlear blood flow some other factors which may affect OAE results were taken into consideration in this study. Since the effects of agents on cochlea might vary depending on dose, durations of the operations were recorded. Also body temperature was measured from the skin during the pre-, intra-, and postoperative OAE measures, and the normothermic process has been confirmed. Because it was stated in the empirical and clinical studies in the literature that body temperature can affect OAEs, especially hypothermia can decrease the OAE amplitudes [27] [28] [29] . However no significant difference was found between two groups in terms of the mean duration of the operations and body temperature. Therefore, the differences between the postoperative OAE values of two groups were considered to be unrelated with the duration of the operations or body temperature of the patients.
The fact that postoperative OAE levels were not significantly different from preoperative levels for the patients in the group S reveal that sevoflurane anaesthesia did not have a permanent effect on cochlear micromechanics. These findings confirm the findings of Buyukkocak, et al.'s [5] clinical study which had also revealed no difference between postoperative and preoperative measures of PTA and TOAEs of the patients who were given sevoflurane anaesthesia. So it is considered that this agent could be reliably used in otorhinolaryngological surgeries in terms of ototoxicity.
Furthermore, it was found that i.v. dexmedetomidine application affects micromechanical function of cochlea especially at the low frequency region. In order to understand the reason of this effect clearly, further research is needed to clarify the effect of dexmedetomidine on cochlear blood flow. Herewith, dexmedetomidine should be carefully used during general anesthesia to avoid its possible harmful effects on cochlear micromechanics.
